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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS ■ 

[Claim(s)] 

[Claim 1] In order to make the surface part of the wall of the hollow established in the part which is the laser 
plasma light source which generates a radiant ray from the plasma acquired by irradiating laser at a solid-state 
target is in the; above-mentioned solid-state target, and receives the exposure of the above-mentioned laser, 
and; this hollow evaporate, The source for ablation of laser which irradiates the laser for ablation towards this 
hollow; In order that the this vaporized matter may high-temperature-piasma-ize the part which carried out 
densification in the specific region in this hollow. The laser plasma light source which has the source for heating 
of laser and; which irradiate the laser for heating into this densification part, and grows into it. 
[Claim 2] It is the laser plasma light source which is the laser plasma tight source according to claim 1, and is 
characterized by being [ at least one side or the both sides of the laser for the; above-mentioned ablation and 
the above-mentioned laser for heating / a pulse laser ];. 

[Claim 3] The laser plasma light source which is the laser plasma light source according to claim 1, and is 
characterized by digging [ by the; above-mentioned solid-state target / the through tube which is open for free 
passage to the above-mentioned hollow ];. 

[Claim 4] The above-mentioned hollow which is the laser plasma light source according to claim 1, and was 
established in the; above-mentioned solid-state target is the laser plasma light source characterized by being 
[ more than one ];. 

[Claim 5] It is the laser plasma light source characterized by aligning [ are the laser plasma light source 
according to claim 4. and / the hollow of the; above-mentioned plurality ]-in accordance with predetermined 

configuration;. 

[Claim 6] It is the laser plasma light source to which it is the laser plasma light source according to claim 1, 2. 
3, 4. or 5. and the; above-mentioned solid-state target is characterized by being [ two or more pieces ]; from 
which an ingredient differs mutually. 

[Claim 7] Are the approach of generating a radiant ray using the laser plasma light source which has a solid- 
state target and establish a hollow in the; above-mentioned solid-state target and the laser for ablation is 
irradiated towards; this hollow. After making the surface part of this hollow wall evaporate; the radiant ray 
generating approach characterized by generating [ wait for the this vaporized matter to compress In this hollow, 
high-temperature-plasma-ize the evaporation matter which irradiated the laser for heating and this 
compressed it and ]-radiant ray;. 

[Claim 8] It is the radiant ray generating approach which is the radiant ray generating approach according to 
claim 7, and is characterized by being [ at least one side or the both sides of the laser for the: above- 
mentioned ablation and the above-mentioned laser for heating / a pulse laser ];. 

[Claim 9] The radiant ray generating approach which is the radiant ray generating approach according to claim 
7, and is characterized by going [ at the; above-mentioned solid-state target, align two or more above- 
mentioned hollows, prepare, / irradiate the above-mentioned laser for ablation, and the above-mentioned laser 
for heating in order, and ]-to this hollow of; each;. 

[Claim 10] The radiant ray generating approach which is the radiant ray generating approach according to claim 
9, and is characterized by going [ moving the; above-mentioned solid-state target itself, / irradiate two or more 
above-mentioned hollows in order, and ]-by above-mentioned laser for ablation, and above-mentioned laser for 
heating;. 

[Claim 1 1] The radiant ray generating approach which is the radiant ray generating approach according to claim 
7, and is characterized by using-radiant ray from which digs through tube which is open for free passage to 
above-mentioned hollow at; above-mentioned solid-state target, and it escapes through; this through tube;. 
[Claim 12] The radiant ray generating approach characterized by depositing and forming [ on the support base 
material set near this solid-state target ]-with matter which is approach according to claim 7 and was 
evaporated from hollow wall of above-mentioned solid-state target by the exposure of laser for; above- 
mentioned ablation-film of this evaporated matter;. 

[Claim 13] Two or more solid-state targets which are approaches according to claim 7, 8, 9, 10, 1 1, or 12. and 
consist of two or more sorts of different ingredients as a; above-mentioned solid-state target are used. Every 
shots per hour of; regularity With or the matter in which exchanged and used the solid-state target of these 
plurality for every predetermined time, and ablation was carried out by the exposure of the laser for the; 
above-mentioned ablation The radiant ray generating approach characterized by depositing and forming-on 

\ 
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support base material set near this solid-state target-multilayers which consist of two or more above- 
mentioned sorts of ingredients;. 

[Claim 14] The radiant ray generating approach characterized by carrying-out-spatter of film currently formed 
on support base material set near this solid-state target with matter which is approach according to claim 7 
and was evaporated from hollow wall of above-mentioned solid-state target by the exposure of laser for; 
above-mentioned ablation;. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] **** which especially this invention attains to from an extreme ultraviolet region more 
than an X-ray wavelength field — it is related with the laser plasma light source suitable for acquiring the 
powerful light source of a short wavelength field, and the radiant ray generating approach from there. 
[0002] 

[Description of the Prior Art] The laser plasma light source which a pulse laser is moreover irradiated [ light 
source ] also from the former as the small light source at a solid-state by the high brightness in the extreme 
ultraviolet-region and X-ray field which is needed in various fields, such as an X-ray microscope method and 
X-ray measurement, and generates a radiant ray is liked. However, this also has one big fault and it may be said 
that a lot of [ the plasma ] debris (solid-state debris) is generated. Since the extreme ultraviolet radiation and 
the X-ray over a large include angle are condensed in order to use effectively especially the plasma light 
source which is the emission light source, optical elements, such as a reflecting mirror, may be used, but if 
there is debris in that case, it will be easy to produce damage and contamination In the used optical element. 
[0003] Nevertheless, also in the contraction X-ray-lithography technique in which ED is called for as a 
lithography technique of degree century, such the laser plasma light source attracts attention too. However, if , 
in order to close the application to this technique, also even as for after continuous running of 109 or more 
shots, the reflection factor fall of a multilayers reflecting mirror must realize very severe debris control from 
which it becomes several% or less. Speaking concretely, the conversion efficiency to an X-ray by 1 J, for 
example When it is 1%. the total amount of the debris adhering to an optical surface is indispensable or less 
about 10 pg/sterad/shot. [ the pulse energy of laser ] 

[0004] But if many debris restrictive measures were tried until now. it came. First, the quantitative evaluation 
of debris was made by this artificer etc. (T. Tomie et al., Proc.SPIE831 (1987) 224). Moreover, when generating 
the plasma in helium gas, from the plasma, the experimental result that the amount of debris which reaches the 
distance of 10cm could decrease about double figures was reported, and reduction-ization by thin-film-izing of 
a solid-state target was also proposed collectively. However, it was only stopping at the amount of debris also 
with several bigger figures than the severe demand in contraction lithography only by such technique. 
[0005] On the other hand, if the KURAIO target which cooled rare gas, such as Xe, is used, since the deposit 
efficiency to an optical surface will probably be low, the proposal that it will become satisfactory It was made 
by Mochizuki etc. (T. Mochizuki et al., Proc.SPIE 773 (1987) 246). The method which an experiment pelletizes 
the rare gas tried and solidified and this idea drives in by G.D.Lubiak etc. at the Sandia lab of the U.S. California 
whereabouts was developed (G. D.Lubiaket al.. Tech.Digest Extreme Ultraviolet Lithography TuDCMonterey. 
1994 Sep.)1 pp.82-84). 

[0006] Furthermore, at the Lund university of the Sweden country Lund whereabouts, the liquid-target was 
proposed as the technique of solving the engineering problem which supplies a target continuously in a rare 
Gaspe let method. Alcohol is made to blow off from the nozzle which carries out high-speed vibration, and it is 
the diameter of 10 micrometers. The alcoholic drop was generated in the 1MHz super-high repeat. About this, 
they are pulse width 70ps, pulse energy 70mJ. and wavelength. 0.5 micrometers Wavelength of 3nm when 
irradiating by laser Conversion efficiency to an X-ray It was about 1%. Generating of a long wavelength X-ray 
searched for with contraction lithography is 8ns of pulse width, pulse energy 700mJ. and wavelength. 1 
micrometer It is tried by laser radiation and the conversion efficiency to an X-ray with a wavelength of 13nm 
About 0.1% was obtained (L Malmqvist etai., OSA TOPS on Extreme Ultraviolet Lithography, 1996, Vol.4, 
eds.G.D.Kubiak and D.R.Kania pp(Opt.Soc.Am.. Washington DC, 1 996).72-74). From the amount adhering to the 
glass plate set near the target, the amount of debris was estimated to be 6 pg/sterad/pulse (L. Rymell and 
H.M. Hertz, Rev.Sci.Instrum.66 (1995) 4916). However, the alcoholic drop consists of oxygen and carbon and 
these are wavelength fields. 2-3nm Although it has high conversion efficiency, it is not an element effective in 
generating of the X-ray of other wavelength fields. 

[0007] On the other hand, at the Sandia lab, the method which makes Xe gas blow off from an injection nozzle 
was also developed again (G. D.Kubiak et al., OSA TOPS on Extreme Ultraviolet Lithography. 1996, Vol.4, 
eds.G.D.Kubiak and D.R.Kania(Opt.Soc.Am.. Washington DC, 1996) pp.66-71). According to the report, the 
matter which was very low as for the rate which rare gas adheres and accumulates to an optical surface, and 
adhered to multilayers is only the ingredient of a jet nozzle and its cooling York, and with 17 pg/shot, I hear 
that there were also very few the amounts, and it has them. 
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[0008] 

[Problem(s) to be Solved by the Invention] According to an above-mentioned drop method thru/or an above- 
mentioned gas-jet method it means that surely it compares with the method using a solid-state target, and 
control of triple figures was realized about the amount of debris evaluated by adhesion in an optical surface. 
However, the conversion efficiency to an X-ray is the one half of the value acquired with the golden solid-state 
target in a solid-state target method. There is nothing at 0.5%. Considering derating of excitation laser, and the 
viewpoint of implementability, it is desired for conversion efficiency to be large about several of these times. 
[0009] Moreover, it is desirable that generating of various wavelength is needed if application of this kind of 
light source is caused how, and-izing of various elements after all for optimization of the plasma light source 
can be carried out [ plasma ] on the other hand since the peak and bandwidth of wavelength of an X-ray which 
are generated from the plasma change with elements. However, in the case of a gas-jet method, an ingredient 
will be restricted to Xe, Ar, and N2 grade. The X-ray wavelength from Xe gas-jet light source of a Sandia lab is 
Mo/Si whose manufacture is the easiest multilayers. It has turned out that it is 11.5nm [nm / which can be 
used / 13 ] shifted. In order to use this X-ray wavelength effectively, development of new multilayers is 
imminent. Also in the drop method of a Lund university, an usable element is restricted to oxygen, carbon, 
nitrogen, etc. 

[0010] Furthermore, in contraction lithography, it has been a big technical problem to make wave aberration of 
optical system small, and it is thought that adoption of the ring field lighting using the small field of wave 
aberration is indispensable. For ring field lighting, the approach of it being circular and carrying out the sweep of 
the location of X line source to a high speed according to the deviation of a laser beam, is leading. However, it 
will be necessary to also sweep an irijection location fast to coincidence, and it is not easy in a gas-jet method 
or a drop method. 

[001 1] In addition, according to a drop method or the gas-jet method, it says that remarkable mitigation-ization 
is realized about the amount of the debris adhering to an optical surface, but the amount of the liquid which 
should be removed, and the gaseous amount which must be evaporated and exhausted are increasing on the 
contrary. For example, inside of the drop train generated in a 1MHz super-high repeat noting that it is able to 
irradiate by 1kHz in the case of a drop method It can use only 0.1%. Therefore, in order to mitigate the burden 
of an exhaust air system, a device which are collected without evaporating a drop train is required, the case of 
a rare gas-jet method — hundreds of micrometers making a blowdown field — blowdown time amount of the 
gas from a nozzle 1 microsecond although it comes out enough below — shutter speed of the usual plasma 
solenoid valve 100 microseconds the above — it is ~ a 100 or more time thing — the blowdown of 
unnecessary gas will be performed. From such a thing, it does not pass over a rare gas-jet method to 
substitute a debris problem for the exhaust velocity problem of gas secretly, but it also has a view that it is not 
what brings about essential solution. 

[0012] Thus, if the approach proposed variously until now is also seen only from a viewpoint of control of the 
amount of debris evaluated by adhesion in an optical surface, although it excels, conversion efficiency, 
wavelength variability, the sweep nature of X line source location, etc. cannot be said to be a satisfactory thing 
with taking other important specifications into consideration synthetically, but hesitate about utilization. 
[0013] Then, this invention person improved the solid-state target anew. Unlike the method of above- 
mentioned rare gas. a drop, and a gas jet since the selection width of face of an ingredient element is wide, the 
optimal ingredient for the generating can be used for a solid-state target to the X-ray of various wavelength. 
Moreover, fast sweep of X line source location by the high-speed deviation of a laser beam is possible. Then, if 
generating of a lot of debris which can be regarded as the only fault can be inhibited conversely, this will serve 
as a very satisfactory source of a radiant ray. This invention pursues this point surely. 
[0014] 

[Means for Solving the Problem] this invention person paid his attention to the thing which do not generate 
such a radiant ray in process of the research in the conventional plasma light source which uses a solid-state 
as a target other than the high-temperature plasma part which generates radiant rays of a short wavelength 
field, such as extreme ultraviolet radiation and an X-ray, and which an overly high density field exists at low 
temperature relatively. Although temperature is not so high as this low-temperature super-high density field 
generates a radiant ray, the energy given by laser is stored at a certain amount of rate, and it becomes the 
heat source which generates debris one after another after laser radiation. Then, if only high-temperature 
plasma can be generated without making this low-temperature super-high density field, it can decrease and 
plasma heating effectiveness should be able to also improve the amount of debris. Furthermore, this invention 
person also noted that the remarkable rate of the energy given to the plasma was changed into fluid movement 
of the plasma. Therefore, if it can heat without accelerating the plasma, the extensive improvement of the 
conversion efficiency to a radiant ray should be able to be performed. 

[0015] This invention was accomplished under such knowledge and it realized by separating into control of 
unnecessary generating of a low-temperature high density field, the ablation process which strips off the mass 
for plasma production for the plasma heating which controlled acceleration from a solid-state, and the heating 
process which forms the matter into the high density plasma. 

[0016] That is. in this invention, a hollow is first established in a solid-state target. In order to high- 
temperature-plasma-ize the part which the matter which this evaporated became depressed and carried out 
densification to the source for ablation of laser which irradiates the laser for ablation towards this hollow in the 
inner specific region in order to make the surface part of the wall of the hollow concerned evaporate moreover, 
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the source for heating of laser which irradiates the laser for heating is established in this densificatioh part. 
Such a theoretic equipment configuration is applicable to the very effective radiant ray generating approach 
which is described below, that is. the above-mentioned hollow — first of all — the laser for ablation — 
especially, a pulse laser is irradiated preferably and ablation of the surface part of the internal surface of a 
hollow is carried out. Then, the vaporized exfoliation expansion matter becomes depressed according to the 
concave surface structure of the hollow concerned, and it is compressed towards the specific field of inner 
space. It is there, next ablation Is carried out in this way, the laser for heating and this also Irradiate and hlgh- 
temperature-plasma-lze a pulse laser preferably to the evaporation matter which Is separated from a hollow 
Internal surface, became depressed, and was compressed all over inner space, and generating of a radiant ray is 
aimed at By carrying out like this, a good radiant ray with little debris can be generated. For optimization here 
of a light source property, generally, the laser the object for exfoliation (for ablation) and for heating is set up 
so that wavelength and pulse width may differ from exposure reinforcement mutually. Furthermore, the 
exposure timing of the laser for heating Is more desirably delayed to it of the laser for exfoliation. 
[0017] In this Invention, the solid-state target concerned Is penetrated on the wall surface which separated 
from the core of the hollow prepared on the solid-state target, or the core again, the hole which is open for 
free passage to a hollow Is dug. and the configuration using the radiant ray which escapes from this through 
tube is also proposed. 

[0018] Furthermore, by this invention, seeing at a solid-state target superficially and establishing two or more 
hollows In It in accordance with the configuration of circular and others also proposes, and ring field lighting etc. 
Is enabled by Irradiating these hollows separately according to the fast sweep deviation of a laser beam. 
[0019] In addition, It not only strives for removal, but by this invention, it considers the deployment conversely 
by using as discard the matter generated from the plasma. That is. in this kind of light source, as stated above, 
condensing the generated radiant ray with a reflecting mirror means may be performed well, and the multilayers 
reflecting mirror which consists of the metal of a different class as the reflecting mirror means concerned 
thru/or the multilayers structure of a semi-conductor may be used in that case. Under such a situation, using 
each film of the multilayers concerned to a suitable support base material top as matter deposited and 
produced also proposes the generated debris by this invention. Therefore, a solid-state target can also propose 
the configuration using that from which an ingredient differs mutually two or more again. However, since the 
particle emitted from the plasma has the spatter operation which does not deposit on multilayers but deletes 
multilayers conversely If it depends on a flying speed. It Is also possible to use the operation. 
[0020] 

[Embodiment of the Invention] One operation gestalt of this invention is shown in drayyingj. . According to this 
invention, the suitable geometric configuration and the hemispherical hollow 12 are dug in this case by the 
solid-state target 1 1 . At this invention. It is drawing 1 (A) first to the solid-state target 1 1 of such a 
configuration. It is the well-known existing thing, It becomes depressed and the suitable good source for 
ablation of laser-(thls very thing is not shown) to the laser 13 for ablation is irradiated towards 12, and It plans 
so that only the **** surface part of the wall of a hollow 12 may be made to evaporate, so that it may be 
shown typically. For that purpose, It is desirable that it is the pulse laser which generates a **** short time and 
powerful energy, for example, the laser 13 for ablation concerned is the radius of 0.1mm to the solid-state 
target 11. It is wavelength when the semi-spherie-like hollow 12 is dug. 1 -micrometer, pulse width Ips, pulse 
energy 0.5m J, and peak power 500MW The ultrashort pulse laser 13 can be used. Of course, even If an optimum 
value changes with wavelength of the ingredient of a target, the radius of a hollow or magnitude (volume), and 
ablation laser etc. and it makes it laser pulse width, shorter femtosecond order is sometimes suitable and sub 
nanosecond extent of a long eye is sometimes conversely suitable [ this is an example, and ] to a slight degree. 
[0021] When the pulse laser 13 for ablation is irradiated, it is drawing 1 (B). The temperature of the matter of 
the ***♦ surface of the wall of a hollow 12 becomes in an instant beyond evaporation temperature, and as an 
arrow head 16 shows typically, the vaporized surface matter 14 concerned starts expansion to a vacuum side, 
so that it may be shown. A thing important here be unlike this Invention, be this phase that be only the ablation 
process of the beginning in this invention primarily, and having already plan generating of an X-ray in the 
conventional plasma light source, and be actually the reinforcement which be too high for the purpose of 
ablation In order to acquire bigger X-ray energy than the case in this invention which turned the account of an 
example up, and be perform laser radiation of too long pulse width call around 10ns. Therefore, ablation of many 
matter was carried out superfluously. 

[0022] On the other hand, in this Invention, after carrying out only a surface **** surface beyond evaporation 
temperature and stripping off the necessary minimum matter from a solid-state, the temperature of the solid- 
state target 11 is again lowered to below evaporation temperature. That is, when the evaporation matter 14 is 
heated, high-temperature plasma was generated and plasma heating is performed to the inside which the 
evaporation matter 14 does not separate from the front face of the solid-state target 1 1 enough although the 
radiant ray (It represents with an X-ray hereafter since it is easy here) was emitted from there, solid-state 
•target 1 1 the very thing will be reheated by heat conduction from high-temperature plasma, and the generation 
source of debris will be made. Since it is necessary to perform plasma heating after [ when the ablation matter 
14 is sufficient from the wall surface of the solid-state target 11 ] carrying out a distance flight in order to 
prevent this, in this Invention, It is planning such. 

[0023] However, supposing the evaporation matter 14 only merely expands from a plane solid-state wall as in 
the conventional solid-state target, even if a plasma consistency will fall rapidly and will irradiate the laser for 
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heating here, most of the energy is not absorbed. On the other hand, the effectiveness of having become 
depressed at the solid-state target 11 in this invention, and having prepared 1 2 works very effectively. That is, 
the evaporation matter 14 stripped off from the solid-state target 11 is drawing 1 (B) at effectiveness like the 
lens effectiveness so to speak which the hollow configuration concerned has in the space in a hollow 12. As the 
inner arrow head 15 shows typically, the specific field part in space, and since it shifts towards the core of the 
space concerned in this case, the densification part 15 is formed there. But a straight-line configuration with 
the configuration which it did not restrict to the hemispherical thing which the configuration of a hollow 1 2 not 
necessarily assumed here, but was obtained also in the shape of cylindrical, a prismatic form, and a cone, the 
shape of a pyramid, and the configuration approximated to them, and the cross-section configuration 
approximated to a semicircle, a rectangle, a triangle, and them is sufficient as such consistency compression 
effectiveness, although the optimum value of the diameter of a hollow 1 2 also changes with the pulse width of 
the pulse laser 13 for ablation, and the below-mentioned pulse laser 17 for heating, and pulse energies — 
general — dozens of micrometers from — There is suitable range for about 1 mm, 

[0024] It heats by waiting that the evaporation matter 14 becomes depressed, fill 12 with this invention next, 
the consistency near a core becomes high, and the densification part 15 generates. If it puts in another way, 
after the exposure of the pulse laser 13 for ablation, a suitable time delay will be placed and the pulse laser 17 
for heating will be irradiated from the suitable source for heating of laser which is not illustrated, for example, 
the case where the various conditions mentioned already about the geometric-like parameter and the pulse 
laser 13 for ablation of a hollow 12 are answered — after the exposure of the pulse laser 13 for ablation 
concerned — 3ns **** — drawing 1 (B) Most space of a hollow 12 is filled with the low temperature gas 14 of 
a consistency with a solid-state consistency low about triple figures so that it may be shown. Ideally, this gas 
14 is neutrality mostly and is carrying out extent ionization of many cases a little. Then, about this gas 14. it is 
drawing .1 (C). It is wavelength so that it may be shown. It irradiates by 1 micrometer, 1 ns of pulse width, pulse 
energy 50m J, and the peak power 50MW pulse laser 17 for heating. Then, the densification part 15 all over the 
space in a hollow 12 absorbs the energy of the pulse laser 1 7 for heating, and becomes the about lOOeV high- 
temperature plasma 18, and X-ray 19 which has a spectrum peak in the wavelength of about 60nm is emitted. 
[0025] Thus, since high-temperature plasma 18 may be generated in the place fully distant from the wall of the 
solid-state target 1 1 according to this invention Since the evaporation matter 14 is heated after being able to 
suppress small the heat-conduction loss to the solid-state target 1 1 and fully carrying out acceleration 
expansion It is hardly accelerated, but the plasma 18 under heating by the pulse laser 17 for heating can also 
control the loss to plasma kinetic energy, and its conversion efficiency to an X-ray improves sharply after all. 
Supposing this is based on the conventional approach, although the amount of radiation comparable as this 
invention is obtained, probably it needs about 10 or more^ime ** thing input energy. 

[0026] In addition, although it becomes depressed at first and the temperature near the space core of 12 rises 
with heating by the pulse laser 17 for heating, if laser pulse width is too long, an elevated-temperature field will 
spread with the passage of time, even the wall surface of the solid-state target 1 1 will be reached, and laser 
will come to be absorbed near the wall surface of the ****** target 1 1 at last. It is better for the pulse width 
of the pulse laser 1 7 for heating not to be too long because of control of generating of debris, since debris 
generating will increase superfluously if the wall surface temperature of the solid-state target 11 rises by this. 
But this also becomes depressed, therefore, how of the radius of 12 and a configuration should be changed 
how, and it is also considered that there is suitable range for the pulse width for several nanoseconds from a 
sub nanosecond. 

[0027] moreover — the ablation matter 14 becomes depressed, fill 12, and the consistency near a core 
becomes high — this operation gestalt — previous statement — like — since about 3ns is required — the 
same — this operation gestalt — time delay from the time of an exposure halt of the pulse laser 13 for ablation 
to exposure initiation of the pulse laser 1 7 for heating It was set as 3ns. However, on the problem to which this 
also belongs to a design-factor, of course, each reinforcement of a hollow radius thru/or magnitude, a target 
ingredient, and the use laser 13 and 17 responds how. and the optimal time delays also differ. 
[0028] But in this invention, by how of the configuration of a hollow 12, although the consistency compression 
effectiveness of the ablation matter 14 is acquired, since the operation is passive, a semi-sphere etc. has a 
limitation also in the compression effectiveness, then, sufficient absorption is obtained even if the consistency 
of the evaporation matter 14 which fills a hollow 12 does not become so large — being alike — the one where 
the wavelength of the pulse laser 17 for heating is generally longer — desirable — 0.5 micrometers from — it 
mentioned above 1 micrometer There is a suitable place for extent. On the other hand, heating by the higher 
power for it being greatly influenced by the temperature of the high-temperature plasma 18 which the 
wavelength of X-ray 19 generated is heated and is generated, and generating the X-ray of short wavelength 
more will be performed. The exposure power in this operation gestalt is only an example. 
[0029] Other operation gestalten of this invention are shown in drawing 2 . The place which was based on 
dr.avyj.QgJ. each drawing and has so far been explained includes similarly applicable contents also about the 
operation gestalt after this drawing 2 , and the explanation about them explains only the description part about 
bracing and each operation gestalt. In the case of the operation gestalt first shown in this drawing 2 R> 2, it 
becomes depressed, and the meat of the solid-state target 1 1 is penetrated to 12. and the through tube 21 
which was dug at the solid-state target 1 1 and from which it escapes at the rear face is formed in it. Therefore, 
although two sorts of laser has been written together in this Fig. since it is easy, X-ray 1 9 from which it 
escapes at the rear face of the solid-state target 1 1 through a through tube 21 can be used in X-ray 1 9 
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generated from the high-temperature plasma 18 which was made to carry out ablation of the matter by the 
pulse laser 13 for ablation according to the approach of this invention, and was generated by the exposure of 
the pulse laser 1 7 for heating after the suitable time delay. This is advantageous in respect of the following. 
[0030] In this kind of light source, although not illustrated, convergent radiotherapy of the pulse laser 13 for 
ablation and the pulse laser 1 7 for heating is carried out using a suitable lens etc. Therefore, if it is going to 
take out X-ray 19 generated from high-temperature plasma 18 from the same side as a laser radiation side, the 
include angle using an X-ray will be restricted greatly. On the other hand, if X-ray 19 which escapes from the 
through tube [ as / in the operation gestalt shown in drawing 2 ] 21 prepared in the solid-state target 11, and is 
outputted to a rear-face side is used, the X-ray use which is not restricted to existence of a material laser 
radiation system will be attained. Moreover, since the debris to generate mainly exercises for a side front, that 
an X-ray can be taken out from the opposite side leads to much more debris mitigation-ization. 
[0031] Of course, the location in which a through tube 21 is formed is arbitrary. In illustration, the through tube 
21 has fallen out from the vertex of the semi-sphere-like hollow 12 at the rear face, but it not necessarily 
becomes depressed, the through tube 21 does not have to carry out opening to the core of 12. and the through 
tube from which it escapes on the side face of the solid-state target 1 1 further may be prepared. The number 
of through tubes 21 is also arbitrary. 

[0032] A little drawing 3 shows other operation gestalten of this invention which changed the view. Two or more 
hollows 12 are dug by the solid-state target 11. and two or more hollows 12, such as this, have aligned along 
with the radii of curvature suitable in this case. If such a solid-state target 1 1 is used, to each hollow 12, the 
pulse laser 13 for ablation and the pulse laser 17 for heating can be deflected [ every shot and ] in sequence 
every two or more shots, can be irradiated, and the target X-ray can be generated. That is, the ring lighting for 
which the small lighting of aberration is asked in contraction lithography by making arrangement of two or more 
hollows 12 into the shape of radii is attained. But since a hollow 12 is dug at intervals and near the core of each 
hollow 1 2 generates an X-ray, the intensity distribution of an X-ray do not become uniform along with radii 
strictly. However, along with radii, the X-ray intensity of uniform intensity distribution can be obtained by 
rotating the whole target continuously so that radii may be met. Of course, like illustration of arrangement of a 
hollow, the approach of acquiring continuous X-ray intensity distribution can be applied, also when, and it has 
arranged in the shape of [ of the configuration of a straight line or arbitration ] a curve. 
[0033] Although lessons was mainly taken for the above from the structural amelioration to the solid-state 
target 11 by this invention, and the amelioration about ablation and heating procedure and being stated, 
invention from a different viewpoint is also indicated in this invention. That is, the way of thinking referred to as 
being able to use effectively depending on the direction using debris itself is shown. For example, as stated also 
In advance, generally use is presented with the radiant ray from this kind of light source through the optical 
system of a multilayers reflecting mirror etc. And an X-ray multilayers mirror carries out the laminating of many 
layers which consist of a light element (for example. Si), and layers which consist of a heavy element (for 
example. Mo) by turns regularly, and is constituted in many cases, for example. 

[0034] Then, two solid-state targets 1 1 which consist of two sorts of ingredients used by such multilayers can 
be prepared, and multilayers can be made to deposit and form on the suitable support base material (not 
shown) set near the target using the ablation matter itself by exchanging these two kinds of targets (for 
example. Si and Mo) for every fixed shots per hour and every predetermined time. Moreover, not using two or 
more kinds of ingredients. ** can also not necessarily take the technique of repeating taking out the multilayers 
reflecting mirror which Mo deposited after a fixed shot thru/or predetermined time amount, carrying out the 
coat of the Si and using as a converging mirror of the plasma light source again with another sputtering system, 
using Mo as a target ingredient of the plasma light source. 

[0035] Furthermore, if the particle emitted from the plasma depends on a flying speed, it is not deposited on 
multilayers, but it has the spatter operation which deletes multilayers conversely. Therefore, under such 
conditions, the number of layers of multilayers decreases gradually, without most reflection factors of the used 
multilayers changing, before [ in this case, ] a number of layers's decreasing too much and resulting in decline in 
a reflection factor — a reflecting mirror — taking out — the number of layers of multilayers — stacking — 
increase — what is necessary is just to carry out 

[0036] Anyway, a debris problem Is completely solved by such approach and even a deployment becomes 
possible rather by it. In addition, about a target ingredient, if it is above-mentioned Mo and not only Si but W, 0 
and others, and the ingredient that can be about used in this kind of field, anything, it is good and the number of 
classes can also use two or more kinds and much more classes. Moreover, in order to become depressed at the 
solid-state target 1 1 and to prepare 12, if it says in a semi-sphere-like hollow when above big to some extent 
for example, a diameter 500 micrometers When reaching above, being based on machining generally is 
appropriate, on the other hand, the same — even when it is hemispherical — case a diameter is comparatively 
small — especially — 100 micrometers When good below, processing by laser beam machining is possible. And 
in the case of the latter, the energy laser beam only for processings may be used separately, but if the laser for 
ablation and the laser for heating which are used in this invention are required, pulse width etc. can be adjusted 
and it can use also as laser for processing. 
[0037] 

[Effect of the Invention] According to this invention, as the plasma light source which should obtain a radiant 
ray. good news is uniquely given to the solid-state target method which had the problem in respect of debris 
generating, and even if it compares with other methods, the plasma light source of the solid-state target 
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method which was greatly excellent can be acquired. 
[Translation done.] 
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♦ NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely, 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view of 1 operation gestalt of this invention. 

[Drawing 2] It is the explanatory view of other operation gestalten of this invention. 

[Drawing 3] It is the top view of the solid-state target in the operation gestalt of further others of this 

invention. 

[Description of Notations] 

1 1 Solid-state Target, 

12 Hollow. 

13 Pulse Laser for Ablation. 

14 Evaporation Matter, 

15 Densification Part, 

1 7 Pulse Laser for Heating, 

18 High^emperature Plasma, 

1 9 Radiant Ray. 
21 Through Tube 



[Translation done.] 
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[0 0 3 2] g)3(4. '>L^^$S^f=:4EfSB^(0l&(D^ 

12A<^fc4xrS3y. C(0«^l=:l4®^'5fi>tt^a)R3H- 
;tto-CC*i^ia»i@(D5I*12A<S5iJLrL^-5. C<©J:-5 

r-::^u— V a tf 13 tan«iffl/<;u;^u 

— y'ITi: ^- V 3 «:/ K crt . fc-S)tM4«I»->3 -v f- 
l=)liSI=<ira, Raj|tL-ceMfl>X«$«i$-t±i.C4:*< 
•T?#.5, o*y, «l«(Da^12<DfiBB*n3Ittl=-r-5C 

^12fl)ct«<D#jfi<©«SiT?fc-S<m?> lK®lc(4X^a>^g» 
flil*R5Dllc;ttoT-«<!:l*'Sf><j:l^o LA'^L. ^i— tr-y 
h±t*:^ RSilcHJ 5 J: -5 lca«MI-lHlJ£$-ti-* ZtV. 

4,*.^>^, att6<j<fxiiKffi»fli$i#«.^jii*, 

[0 0 3 31 EUitt, ±lc*f6e8lc<»:i)Btt:^-y-y h 
[0034l-tC-C, C-5 Lfc#)8Bi■C•fflL^&*l■5^a 



atUr^L^*. tt^5Ci:*t»yiBt-*Jt*»SCi: 
[0 0 3 51 Sf&Ic, :^^X^A^c>ttUl**^*tft^F•tt« 

[0 0 3 6] t^■r*llcLT*, Ca)J:3<C**lCj:y, 

tu^c JEffc, y-y ^«^^lcot^T(4s iiSwHo. 
sii=«6-r,w.c-?-o!>ftfc, fc*s**;i«>a«>»»-cfflt^» 

-5«*4'St)i4f5iT?taL>L, asa4.:^a?imji, t-o 

<!:#<<Da?i^fflt^*:lt4,^?#-i)c B«:^'-'t^ 
•V H1l=S^12$lftlti)l-l4, -t*tA<fc-i>Sffim±l-:^ 

W/h$<E«^, 4*1= 100 ium eiT-Cftt^J:5*«*lc 

<D«^i=i4, »Jj^lc»lxl^ffl©x:^>^:^^— *f t*— AS 

[0037] 
[@@(Dmm''<>:S%BJ] 

[0 3] *fBBJ<D*t.(=ffia>5IJt»®l=fcl+-6@<*:^'- 
[)7^(7)KQ»] 

11 mw^-*fvb. 

12 

14 3l<b«iS. 



(7) 



^gFSl28 97 005-^ 



15 is^&im^. 

17 mmm^<)i'^iy—*f. 

18 

19 

21 SilTl. 



[01] 




T l^b— > a U— »f 13IC J: y T u— 
->3>-r-5. S5^i2rt05ffira(tJ|cx:Sl<biasi4a)S8&S 
fcffl^l 535<1» # ^. 05 * # o r imlftffl/ L/— tfl 7 *Bg 

stL, aKJsm<ba»i5$sjS3^9X7i8i: L, 

iai9a>%±$Si>. 

[@2] 




(H79X7 10 



(8) 



2 8 9 7 0 0 5-^ 



(58)!a«Lfr»ff(lnt.CL6. db«) 
HOIJ 35/00 
H05G 1/00 



